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(57) ABSTRACT 

A communication node for enabling interworking of a first 
network in which data transfer is based on a combination of 
request and response and a Second network in which data 
transfer is not based on a combination of request and 
response is disclosed. In the communication node, a packet 
conversion processing is applied to a first packet received by 
the first interface on the first network Side So as to obtain a 
Second packet corresponding to the Second network at a time 
of executing an application across the first network and the 
Second network, and a correspondence between the first 
packet and the Second packet is Stored in a packet corre 
spondence memory. Then, a destination node on the first 
network to which a response packet is to be transferred is 
identified by referring to the packet correspondence memory 
using an information of the response packet at a time of 
receiving the response packet corresponding to the Second 
packet by the Second interface on the Second network Side. 
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COMMUNICATION NODE FOR ENABLING 
INTERWORKING OF NETWORK USING 
REQUEST/RESPONSE BASED DATA 

TRANSFER AND NETWORK USING NON 
REQUEST/RESPONSE BASED DATA 

TRANSFER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a communication node for 
realizing data transfer between interconnected different net 
Works by identifying packets on each network, managing 
correspondences of packets between different networks, and 
converting packets. 

2. Description of the Background Art 
In recent years, a new specification of Serial bus called 

IEEE 1394 that has been developed as a next generation 
version of SCSI (Small Computer System Interface) is 
attracting much attention. The IEEE 1394 bus is capable of 
connecting a plurality of terminals in daisy chain or Star 
connection and transfer wideband data in excess of 100 
Mbps. Also, it has a major feature that it is possible to 
transmit both asynchronous data and isochronous data on the 
Same cable. 

For this reason, even though the IEEE 1394 was originally 
developed as a next generation version of SCSI, there are 
increasing trends to use the IEEE 1394 as a cable for 
connecting AV devices. Namely, there is a proposition that 
the large capacity data Such as image and Speech information 
that are conventionally transferred by analog Signals 
between AV devices can be transferred by digital signals 
using the isochronous data transfer function of the IEEE 
1394. The IEEE 1394 is very attractive because it also has 
a function for connection to digital devices Such as PC using 
the asynchronous data transfer function, in addition to the 
function for large capacity real time data transfer between 
AV devices. 

AS Such, the IEEE 1394 has both the AV data transfer 
function and the data communication function, So that it is 
now regarded as the most promising candidate medium for 
home networks. Already, protocols Such as a control proto 
col for controlling AV devices connected by the IEEE 1394 
bus and a protocol for resource reservation on the IEEE 1394 
bus have been specified, so that the basic framework for 
utilizing the IEEE 1394 bus as the home network has been 
nearly completed. 

In addition, discussions of a Scheme for extending transfer 
of AV data transferred on the IEEE 1394 to a radio envi 
ronment have also started. In particular, it has been Specified 
that the IEEE 1394 will be utilized for re-distribution of 
broadcast type Services within homes, Such as transfer of 
image information broadcast by digital Satellite broadcasting 
or digital terrestrial broadcasting that is expected to Start 
providing services in near future, through the IEEE 1394 bus 
to a radio network. In this case, factorS required for the radio 
network include a capability to realize a transmission rate 
exceeding 10 Mbps, a use of wavelength that can penetrate 
through walls of homes, and a potential for keeping its cost 
low. 

Currently, in Japan, a proposition to allow free use of 
radio frequencies in 5 GHz band which is a frequency band 
that can Satisfy these requirements has been made by the 
Ministry of Posts and Telecommunications, and concrete 
forms of utilization of the 5 GHz band have been discussed 
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2 
by ARIB (Association of Radio Industries and Business), 
where topics of discussions include a form of utilization in 
homes. However, the radio LAN has already been desig 
nated as the basic form of utilization of this 5 GHz band 
radio frequencies, So that the Specification under discussion 
is also based on IEEE 802.11 (see IEEE Standards for 
“Wireless LAN Medium Access Control (MAC) and Physi 
cal layer (PHY) Specification”, for example) which is the 
standard specification of the radio LAN. 

In the case of connecting the IEEE 1394 bus and the radio 
network, whether or not protocols for AV control that are 
designed to be executed on the IEEE 1394 bus can really be 
executable on the radio network may pose a problem. One 
of the features of the IEEE 1394 bus is that its data transfer 
is based on a combination of request and response. In 
contrast, in the radio LAN Such as the IEEE 802.11, a MAC 
protocol such as CSMA/CA (Carrier Sense Multiple Access 
with Collision Detection) is basically used so that there is no 
guarantee that it is possible to realize the data transfer based 
on a combination of request and response. 

Also, in the case of carrying out the AV data transfer on 
the IEEE 1394 bus, it is also necessary to execute the AV/C 
protocol (see AV/C Digital Interface Command Set General 
Specification, IEEE 1394-1995, for example) which is the 
control protocol for the IEEE 1394. This AV/C protocol 
basically presupposes execution on the IEEE 1394, so that 
its transfer protocol for control commands (such as "play', 
“Stop”, “fast forward” commands, for example) also requires 
execution of a command transmission and a response recep 
tion as one Set. 

FIG. 1 shows an outline of the AV/C protocol execution 
Sequence. 
The command/response in the AV/C protocol are required 

to be transferred by Write Request packets of the IEEE 
1394, so that Write Request packets are used for transfer of 
an AV/C command from a Controller node 1001 to a Target 
node 1003 and transfer of an AV/C response from the Target 
node 1003 to the Controller node 1001 shown in FIG. 1. 

Also, the AV/C protocol requires transmission of com 
mands to functional elements in the Target node 1003 (VTR 
Sub Unit 1031 and Tuner Sub Unit 1032 in FIG. 1) so that 
an FCP (Function Control Protocol) frame for carrying the 
AV/C command is allocated with a field for describing an 
identifier for identifying a destination functional element. 

In addition, a processing time since the Target node 1003 
received the AV/C command until the processing corre 
sponding to the received command is executed and the AV/C 
response is returned to the Controller node 1001 is within 
100 mSec. 
FIG.2 shows packet formats in the case of transferring AV 

control commands defined in the AV/C protocol on Asyn 
chronous packets on the IEEE 1394 (see ISO-IEC 61883, for 
example). 
On the IEEE 1394 bus, a device to be controlled that 

received the AV/C command is required to return a header 
information of the FCP frame of the received AV/C com 
mand without any change to a controlling device that has 
transmitted the AV/C command, in order to establish a 
correspondence between the AV/C command and its 
response. In this way, the controlling device can determine 
an AV/C command transmitted by the own device that 
corresponds to the received AV/C response. 
AS mentioned above, in the case of extending transfer of 

AV data transferred on the IEEE 1394 bus to the radio 
network, it is also necessary to execute the above described 
AV/C protocol on the radio network. However, in this case, 
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it is also necessary to execute the packet conversion pro 
cessing for packets that are transferring AV/C commands at 
a connection point (Such as a base Station node (or access 
point)) between these networks. 

For this reason, if the correspondence between the AV/C 
command that is transmitted via the base Station node and 
the AV/C response that is received at the base station node 
is not known, it becomes impossible to determine a node on 
the IEEE 1394 bus to which the received AV/C response is 
to be transferred. In particular, in the current Specification of 
the IEEE 802.11, no function for uniquely specifying such 
correspondences between commands and responses at a 
network level is defined. Consequently, when the AV/C 
command is transmitted from the base Station node 
(Coordination Point) in the IEEE 802.11 network to the 
IEEE 802.11 terminal, there is a problem in that it is 
impossible to identify the earlier transmitted AV/C com 
mand which corresponds to the later received AV/C 
response. 

AS described, in an attempt to merge a network in which 
the data transfer is based on a combination of request and 
response such as the IEEE 1394 bus on which the AV/C 
protocol is executed with a network in which the data 
transfer is not based on a combination of request and 
response such as the IEEE 802.11, there is a problem that, 
even when there is a need to manage a correspondence 
between transfer data from a node on the former network to 
the latter network and transfer data from a node on the latter 
network to the former network, it has been impossible to 
maintain this correspondence So that it has been difficult to 
construct Such a merged network. 

For example, in the case of extending the AV device 
control protocol (AV/C protocol) executed on the IEEE 1394 
bus (wired network) to the IEEE 802.11 network (radio 
network), there is a need to maintain the correspondence 
between the AV/C command and the AV/C response on the 
radio network as well. However, the IEEE 802.11 network 
has no function for maintaining Such a correspondence 
between request and response as its MAC layer function, So 
that it has been difficult to construct a network merging the 
IEEE 1394 bus and the IEEE 802.11 network. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a communication node capable of enabling interworking of 
a network in which data transfer is based on a combination 
of request and response and a network in which data transfer 
is not based on a combination of request and response. 

It is another object of the present invention to provide a 
communication node capable of enabling interworking by 
which a plurality of applications defined on the IEEE 1394 
bus are executed on the radio network as well, in a network 
environment in which the radio network and the IEEE 1394 
bus coexist. 

It is another object of the present invention to provide a 
communication node capable of enabling interworking of 
the IEEE 1394 bus and the radio network Such that a 
protocol such as AV/C protocol which is executed by a 
combination of command and response can also be executed 
on the radio network Such as the IEEE 802.11 LAN. 

According to one aspect of the present invention there is 
provided a communication node, comprising: a first network 
interface for a first network in which data transfer is based 
on a combination of request and response, a Second network 
interface for a Second network in which data transfer is not 
based on a combination of request and response, a packet 
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4 
conversion processing unit configured to apply a packet 
conversion processing to a first packet received by the first 
interface and obtain a Second packet corresponding to the 
Second network at a time of executing an application acroSS 
the first network and the Second network, a packet corre 
spondence memory unit configured to Store a correspon 
dence between the first packet and the Second packet; and a 
destination node identification unit configured to identify a 
destination node on the first network to which a response 
packet is to be transferred, by referring to the packet 
correspondence memory unit using an information of the 
response packet at a time of receiving the response packet 
corresponding to the Second packet by the Second interface. 

According to another aspect of the present invention there 
is provided a communication node, comprising: a first 
network interface for a first network in which data transfer 
is based on a combination of request and response, a Second 
network interface for a Second network in which data 
transfer is not based on a combination of request and 
response; a packet conversion processing unit configured to 
apply a packet conversion processing to a first packet 
received by the first interface and obtain a Second packet 
corresponding to the Second network at a time of executing 
an application across the first network and the Second 
network, a packet information memory unit configured to 
Store an information on each Second packet transmitted from 
the communication node, and a packet transmission control 
unit configured to Serialize transmission of a plurality of 
Second packets to the Second network by referring to the 
packet information memory unit Such that after one Second 
packet is transmitted to the Second network, a next Second 
packet is not transmitted to the Second network until a 
response packet corresponding to said one Second packet is 
received from the Second network. 

According to another aspect of the present invention there 
is provided a communication node, comprising: a first 
network interface for a first network in which data transfer 
is based on a combination of request and response, a Second 
network interface for a Second network in which data 
transfer is not based on a combination of request and 
response; a packet conversion processing unit configured to 
apply a packet conversion processing to a first packet 
received by the first interface and obtain a Second packet 
corresponding to the Second network at a time of executing 
an application across the first network and the Second 
network, a packet correspondence memory unit configured 
to Store a correspondence between the first packet and the 
Second packet; a destination node identification unit config 
ured to identify a destination node on the first network to 
which a response packet is to be transferred, by referring to 
the packet correspondence memory unit using an informa 
tion of the response packet at a time of receiving the 
response packet corresponding to the Second packet by the 
Second interface; a packet information memory unit config 
ured to Store an information on each Second packet trans 
mitted from the communication node, a packet transmission 
control unit configured to Serialize transmission of a plural 
ity of Second packets to the Second network by referring to 
the packet information memory unit Such that after one 
Second packet is transmitted to the Second network, a next 
Second packet is not transmitted to the Second network until 
a response packet corresponding to Said one Second packet 
is received from the Second network, and a node processing 
determining unit configured to determine a processing to be 
executed by the communication node as either a first pro 
cessing using a combination of the packet correspondence 
memory unit and the destination node identification unit or 
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a Second processing using a combination of the packet 
information memory unit and the packet transmission con 
trol unit, according to a type of the first packet. 

According to another aspect of the present invention there 
is provided a computer usable medium having computer 
readable program codes embodied therein for causing a 
computer to function as a communication node having a first 
network interface for a first network in which data transfer 
is based on a combination of request and response and a 
Second network interface for a Second network in which data 
transfer is not based on a combination of request and 
response, the computer readable program codes include: a 
first computer readable program code for causing Said 
computer to apply a packet conversion processing to a first 
packet received by the first interface and obtain a Second 
packet corresponding to the Second network at a time of 
executing an application across the first network and the 
Second network, a Second computer readable program code 
for causing Said computer to Store a correspondence between 
the first packet and the Second packet in a packet correspon 
dence memory; and a third computer readable program code 
for causing Said computer to identify a destination node on 
the first network to which a response packet is to be 
transferred, by referring to the packet correspondence 
memory using an information of the response packet at a 
time of receiving the response packet corresponding to the 
Second packet by the Second interface. 

According to another aspect of the present invention there 
is provided a computer usable medium having computer 
readable program codes embodied therein for causing a 
computer to function as a communication node having a first 
network interface for a first network in which data transfer 
is based on a combination of request and response and a 
Second network interface for a Second network in which data 
transfer is not based on a combination of request and 
response, the computer readable program codes include: a 
first computer readable program code for causing Said 
computer to apply a packet conversion processing to a first 
packet received by the first interface and obtain a Second 
packet corresponding to the Second network at a time of 
executing an application across the first network and the 
Second network, a Second computer readable program code 
for causing Said computer to Store an information on each 
Second packet transmitted from the communication node in 
a packet information memory; and a third computer readable 
program code for causing Said computer to Serialize trans 
mission of a plurality of Second packets to the Second 
network by referring to the packet information memory Such 
that after one Second packet is transmitted to the Second 
network, a next Second packet is not transmitted to the 
Second network until a response packet corresponding to 
Said one Second packet is received from the Second network. 

According to another aspect of the present invention there 
is provided a computer usable medium having computer 
readable program codes embodied therein for causing a 
computer to function as a communication node having a first 
network interface for a first network in which data transfer 
is based on a combination of request and response and a 
Second network interface for a Second network in which data 
transfer is not based on a combination of request and 
response, the computer readable program codes include: a 
first computer readable program code for causing Said 
computer to apply a packet conversion processing to a first 
packet received by the first interface and obtain a Second 
packet corresponding to the Second network at a time of 
executing an application across the first network and the 
Second network, a Second computer readable program code 
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6 
for causing Said computer to Store a correspondence between 
the first packet and the Second packet in a packet correspon 
dence memory; a third computer readable program code for 
causing Said computer to identify a destination node on the 
first network to which a response packet is to be transferred, 
by referring to the Second computer readable program code 
using an information of the response packet at a time of 
receiving the response packet corresponding to the Second 
packet by the Second interface; a fourth computer readable 
program code for causing Said computer to Store an infor 
mation on each Second packet transmitted from the com 
munication node in a packet information memory; a fifth 
computer readable program code for causing Said computer 
to Serialize transmission of a plurality of Second packets to 
the Second network by referring to the fourth computer 
readable program code Such that after one Second packet is 
transmitted to the Second network, a next Second packet is 
not transmitted to the Second network until a response 
packet corresponding to Said one Second packet is received 
from the Second network, and a sixth computer readable 
program code for causing Said computer to determine a 
processing to be executed by the communication node as 
either a first processing using a combination of the packet 
correspondence memory and the third computer readable 
program code or a Second processing using a combination of 
the packet information memory and the fifth computer 
readable program code, according to a type of the first 
packet. 

According to another aspect of the present invention there 
is provided a method for controlling a communication node 
having a first network interface for a first network in which 
data transfer is based on a combination of request and 
response and a Second network interface for a Second 
network in which data transfer is not based on a combination 
of request and response, the method comprising: applying a 
packet conversion processing to a first packet received by 
the first interface and obtaining a Second packet correspond 
ing to the Second network at a time of executing an appli 
cation across the first network and the Second network; 
Storing a correspondence between the first packet and the 
Second packet in a packet correspondence memory; and 
identifying a destination node on the first network to which 
a response packet is to be transferred, by referring to the 
packet correspondence memory using an information of the 
response packet at a time of receiving the response packet 
corresponding to the Second packet by the Second interface. 

According to another aspect of the present invention there 
is provided a method for controlling a communication node 
having a first network interface for a first network in which 
data transfer is based on a combination of request and 
response and a Second network interface for a Second 
network in which data transfer is not based on a combination 
of request and response, the method comprising: applying a 
packet conversion processing to a first packet received by 
the first interface and obtaining a Second packet correspond 
ing to the Second network at a time of executing an appli 
cation across the first network and the Second network; 
Storing an information on each Second packet transmitted 
from the communication node in a packet information 
memory; and Serializing transmission of a plurality of Sec 
ond packets to the Second network by referring to the packet 
information memory Such that after one Second packet is 
transmitted to the Second network, a next Second packet is 
not transmitted to the Second network until a response 
packet corresponding to Said one Second packet is received 
from the Second network. 

According to another aspect of the present invention there 
is provided a method for controlling a communication node 
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having a first network interface for a first network in which 
data transfer is based on a combination of request and 
response and a Second network interface for a Second 
network in which data transfer is not based on a combination 
of request and response, the method comprising: applying a 
packet conversion processing to a first packet received by 
the first interface and obtaining a Second packet correspond 
ing to the Second network at a time of executing an appli 
cation across the first network and the Second network; 
Storing a correspondence between the first packet and the 
Second packet in a packet correspondence memory; identi 
fying a destination node on the first network to which a 
response packet is to be transferred, by referring to the 
packet correspondence memory using an information of the 
response packet at a time of receiving the response packet 
corresponding to the Second packet by the Second interface; 
Storing an information on each Second packet transmitted 
from the communication node in a packet information 
memory; Serializing transmission of a plurality of Second 
packets to the Second network by referring to the packet 
information memory Such that after one Second packet is 
transmitted to the Second network, a next Second packet is 
not transmitted to the Second network until a response 
packet corresponding to Said one Second packet is received 
from the Second network, and determining a processing to 
be executed by the communication node as either a first 
processing using a combination of the packet correspon 
dence memory and the identifying Step or a Second proceSS 
ing using a combination of the packet information memory 
and the Serializing Step, according to a type of the first 
packet. 

Other features and advantages of the present invention 
will become apparent from the following description taken 
in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a Sequence chart showing a conventionally 
known processing procedure of an AV/C protocol. 

FIG. 2 is a diagram showing an exemplary conventional 
packet configuration on an IEEE 1394 bus used in transfer 
ring AV/C command/response. 

FIG. 3 is a Schematic diagram showing an exemplary 
overall configuration of a home network using a communi 
cation node according to the present invention. 

FIG. 4 is a diagram showing an outline of a command/ 
response transfer Sequence in the AV/C protocol and an 
exemplary protocol Stack in the case of executing the AV/C 
protocol used in the present invention. 

FIG. 5 is a diagram Showing an exemplary frame Structure 
of an FCP frame used in the first to third embodiments of the 
present invention. 

FIG. 6 is a Sequence chart for an exemplary processing in 
the home network of FIG.3 according to the first embodi 
ment of the present invention. 

FIG. 7 is a diagram showing an exemplary format of a 
correspondence table to be maintained by a communication 
node according to the first embodiment of the present 
invention. 

FIG. 8 is a Sequence chart for an exemplary processing in 
the home network of FIG. 3 according to the second 
embodiment of the present invention. 

FIG. 9 is a Sequence chart for an exemplary processing in 
the home network of FIG. 3 according to the third embodi 
ment of the present invention. 

FIG. 10 is a diagram showing an exemplary frame Struc 
ture of an FCP frame used in the fourth embodiment of the 
present invention. 
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FIG. 11 is a Sequence chart for an exemplary processing 

in the home network of FIG. 3 according to the fourth 
embodiment of the present invention. 

FIG. 12 is a block diagram showing an exemplary internal 
configuration of a communication according to the first to 
fourth embodiments of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring now to FIG. 3 to FIG. 12, preferred embodi 
ments of a communication node according to the present 
invention will be described in detail. 

In the following, an exemplary case of a home network in 
which the IEEE 1394 bus provided in a home is connected 
with a radio terminal using a radio interface through the 
communication node of the present invention will be mainly 
described. 

First Embodiment 

FIG. 3 shows an exemplary overall configuration of a 
home network using the IEEE 1394 bus as a wired network 
and the IEEE 802.11 network as a radio network according 
to the first embodiment. 

In FIG. 3, a plurality of 1394 nodes are connected on the 
IEEE 1394 bus 10, and among them the 1394 nodes 101 and 
102 are nodes that have a 1394 interface alone so that they 
are connected to the IEEE 802.11 network 20 through a base 
Station node (access point) 110 which is the communication 
node according to the present invention. Also, on the IEEE 
802.11 network 20, there are radio terminals 121 and 122 
that have a radio interface. 

In the AV/C protocol, 1394 nodes having a 1394 interface 
are recognized in terms of “Unit', while constituent ele 
ments within a 1394 node (Such as a cassette tap player 
Section or a CD player Section of an audio System, for 
example) are recognized in terms of "Sub Unit”. In this 
embodiment, it is assumed that the 1394 nodes on the IEEE 
1394 bus and the radio terminals on the IEEE 802.11 
network do not recognize each other directly, but constituent 
elements (Sub Units in the AV/C protocol) within each 1394 
node and each radio terminal recognize each other and then 
the AV/C protocol is executed between the 1394 node on the 
IEEE 1394 bus and the radio terminal on the IEEE 802.11 
network. 

For example, in an exemplary configuration of FIG. 3, the 
constituent elements (Sub Units) “A1” and “A2” within the 
1394 node 101 on the IEEE 1394 bus 10 are recognized from 
the radio terminal 121 on the IEEE 802.11 network 20 as if 
they are located in the base station node 110, while the 
constituent elements (Sub Units) “X1” and “X2' within the 
radio terminal 121 on the IEEE 802.11 network 20 are 
recognized from the 1394 node 101 on the IEEE 1394 bus 
10 as if they are located in the base station node 110. 

This function by which the base station node 110 notifies 
the constituent elements within a node on one network as the 
constituent elements within the own node to a node on 
another network is realized by a constituent element notifi 
cation function provided in the base station node 110. 

In the following, it is assumed that the AV/C protocol is 
executed between the 1394 node 101 on the IEEE 1394 bus 
10 and the radio terminal 121 on the IEEE 802.11 network 
20 based on the recognition as described above, and a 
scheme for identifying transaction on the IEEE 802.11 
network 20 at a time of the AV/C protocol execution 
processing will be described. Note that the above remarks 
also apply to the Second to fourth embodiments described 
below. 
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Now, in FIG. 3, a Sub Unit A1 and a Sub Unit A2 are 
present in the 1394 node 101 and a Sub Unit B1 and a Sub 
Unit B2 are present in the 1394 node 102 on the IEEE 1394 
bus 10. Also, a Sub Unit X1 and a Sub Unit X2 are present 
in the radio terminal 121 and a Sub Unit Y1 and a Sub Unit 
Y2 are present in the radio terminal 122 on the IEEE 802.11 
network 20. 

Also, in FIG. 3, N=1, N=3 and N=2 are assigned respec 
tively to the 1394 node 101, the 1394 node 102, and the base 
station node 110 as node identifiers of 1394 nodes on the 
IEEE 1394 bus 10. On the other hand, MAC address=X, 
MAX address=Y, and MAC address=Z are assigned respec 
tively to the radio terminal 121, the radio terminal 122, and 
the base station node 110 as MAC addresses on the IEEE 
802.11 network 20. 

FIG. 4 shows an outline of the processing Sequence in the 
case where the AV/C protocol is executed in Such a 
configuration, with the 1394 node 101 as a controlling node 
in the AV/C protocol and the radio terminal 121 as a node to 
be controlled in the AV/C protocol. FIG. 4 shows an exem 
plary case in which the 1394 node 101 activates an appli 
cation for executing the AV/C protocol, and this application 
executes the AV/C protocol such that an AV/C command is 
transferred to the radio terminal 121 which is the node to be 
controlled. 

First, the AV/C command to be transmitted from the 1394 
node 101 is loaded into an FCP frame, encapsulated into an 
IEEE 1394 packet (request packet) and then transferred to 
the base station node 110. When this packet transfer is 
completed Successfully, the base Station node 110 returns an 
Ack (response packet). Next, the base station node 110 
recognizes a radio terminal to which the received AV/C 
command is to be transferred according to the received FCP 
frame information, and transfers the received AV/C com 
mand to the recognized radio terminal (radio terminal 121). 

Next, the node to be controlled (radio terminal 121) that 
received this AV/C command completes a processing cor 
responding to the received command within 100 mSec, and 
returns a processing execution result for this command to the 
1394 node 101 which is the controlling node (AV/C 
response). Upon receiving this AV/C response packet, the 
base station node 110 recognizes a 1394 node (1394 node 
101) on the IEEE 1394 bus 10 to which this response 
information is to be transferred according to an information 
contained in that received packet. When the base Station 
node 110 transfers the received AV/C response information 
to the recognized 1394 node (1394 node 101) and this 
transfer is Successfully completed, a response packet on the 
IEEE 1394 bus 10 is returned to the base Station node 110. 

Here, what must be resolved is how the base station node 
110 ascertains the 1394 node to be a transfer target of the 
AV/C response. FIG. 5 shows a frame structure of an FCP 
frame used in the AV/C protocol (see ISO-IEC61883, for 
example). In the FCP frame, a protocol corresponding to the 
information loaded in the FCP frame is to be identified by 
top four bits. Currently, “0000” is allocated to the AV/C 
protocol. Also, a “ctype” field identifies a type of the AV/C 
command, a “Subunit type” field identifies a type of a Sub 
Unit that is a target of the command, and a “Subunit ID' 
field identifies a specific Sub Unit when there are plural Sub 
Units with the same type of a Sub Unit. Also, “opcode” 
fields specify specific contents of the AV/C command. 

This first embodiment is directed to one method for 
identifying the AV/C response mentioned above in which an 
information obtained by combining a MAC address of the 
radio terminal on the IEEE 802.11 network and a header 
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10 
information of the FCP frame carrying the AV/C command 
to be transferred is used as an identifier on the IEEE 802.11 
network. 

FIG. 6 shows an exemplary processing Sequence for the 
AV/C protocol in this embodiment, which proceeds as 
follows. 

(1) The application is activated and the AV/C protocol is 
executed at the 1394 node 101. 

(2) The AV/C command is generated and transmitted 
toward the Sub Unit X1 within the radio terminal 121 at the 
1394 node 101. 

(3) The FCP frame loaded with the AV/C command is 
transferred from the 1394 node 101 to the base station node 
110. At this point, the transaction ID=a on the IEEE 1394 
bus 10, and the destination Subunit ID=X1 is described in 
the FCP frame. 

(4) Upon receiving the AV/C command Successfully, the 
base Station node 110 returns a corresponding Ack message 
to the 1394 node 101. 

(5) At the base station node 110, it is ascertained that the 
destination radio terminal is the radio terminal 121, as the 
destination Subunit ID of the received AV/C command is 
X1. 

(6) The AV/C command is transferred from the base 
station node 110 to the radio terminal 121. 

(7) At the base station node 110, the fact that the identifier 
on the IEEE 802.11 network 20 corresponding to the trans 
mitted AV/C command is “FCP header information Such as 
Subunit ID=X1+MAC address=X', and the fact that the 
identifier on the IEEE 1394 bus 10 is “transaction ID=a+ 
1394 node address N=1 are stored, and a correspondence 
table for them is created. 

(8) The radio terminal 121 executes the processing cor 
responding to the received AV/C command. 

(9) The radio terminal 121 generates the AV/C response 
for notifying the processing result of the executed AV/C 
command, and transfers it to the base station node 110 after 
loading it in the FCP frame. 

(10) The base station node 110 refers to the above 
described correspondence table, and ascertains that the 
received AV/C response corresponds to “transaction ID=a 
on the IEEE 1394 bus+1394 node address N=1 from a 
combination of the header information of the FCP frame 
carrying the received AV/C response and the MAC address 
of the Source radio terminal. 

(11) The base station node 110 transfers the received 
AV/Cresponse to the 1394 node 101 (N=1). At this point, the 
transaction ID has a value “a”. 

(12) Upon receiving the AV/C response Successfully, the 
1394 node 101 returns a corresponding Ack message to the 
base station node 110. 

In FIG. 6, only the MAC address and the Subunit ID are 
described as the information of the packet transferred on the 
IEEE 802.11 network 20, but all information of the FCP 
frame is of course transmitted to the radio terminal 121. 

FIG. 7 shows an exemplary form of the correspondence 
table to be maintained at the base station node 110. In FIG. 
7, the values of “ctype”, “Subunit type” and “Subunit ID" 
of the FCP frame and the MAC address of the radio terminal 
are used as the information for identifying the command on 
the IEEE 802.11 side. By storing these information, it is 
possible to identify what type of AV/C command has been 
transferred to which Sub Unit of which radio terminal. This 
is necessary in order to deal with the case where commands 
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are transmitted from a plurality of 1394 nodes on the IEEE 
1394 bus to Sub Units of a plurality of radio terminals on the 
IEEE 802.11 network. 
AS Such, in the case of executing the AV/C protocol 

between the IEEE 1394 bus 10 and the IEEE 802.11 network 
20, it becomes possible to identify the 1394 node on the 
IEEE 1394 bus 10 corresponding to the AV/C response 
transmitted from the radio terminal by maintaining the 
correspondence table as shown in FIG. 7 at the base station 
node 110. 

Note that FIG. 6 is directed to the case of transmitting the 
AV/C command from the 1394 node 101 on the IEEE 1394 
bus 10 to the radio terminal 121, but it is also possible to 
execute the AV/C protocol across the IEEE 1394 bus and the 
IEEE 802.11 network in the case of transmitting the AV/C 
command in the opposite direction (the case of transmitting 
the AV/C command from the radio terminal 121 to the 1394 
node 101, for example), using the Similar correspondence 
table as that shown in FIG. 7. 

It is obviously also possible to execute the AV/C protocol 
across the IEEE 1394 bus and the IEEE 802.11 network in 
both of the direction from the 1394 node on the IEEE 1394 
bus to the radio terminal and the direction from the radio 
terminal to the 1394 node on the IEEE 1394 bus. In Such a 
case, the same correspondence table can be used commonly 
in both the processing in the case of transmitting the AV/C 
command from the 1394 node on the IEEE 1394 bus to the 
radio terminal on the IEEE 802.11 network and the process 
ing in the case of transmitting the AV/C command from the 
radio terminal on the IEEE 802.11 network to the 1394 node 
on the IEEE 1394 bus. 

In Such a case of utilizing the same correspondence table 
in both directions, it is also possible to add a field for 
indicating a transfer direction of the AV/C command as the 
information to be described in the correspondence table 
shown in FIG. 7, but this field for indicating the transfer 
direction is not absolutely necessary. Namely, the Similar 
processing can be realized by detecting the transaction 
information on the IEEE 1394 bus side for the AV/C 
response received from the IEEE 802.11 network side by 
referring to the transaction information on the IEEE 802.11 
network side in the correspondence table of FIG. 7, and 
conversely by detecting the transaction information on the 
IEEE 802.11 network side for the AV/C response received 
from the IEEE 1394 bus side by referring to the transaction 
information on the IEEE 1394 bus side in the correspon 
dence table of FIG. 7, for example. 

It is also possible to execute different data transfer 
Schemes depending on the transfer directions (IEEE 
1394->IEEE 802.11, IEEE 802.11->IEEE 1394). In such a 
case, the correspondence tables to be used in transmission of 
the AV/C command in respective directions can be main 
tained Separately. 

In the case of using different correspondence tables 
according to the transfer directions of the AV/C command, 
these correspondence tables may be given in different for 
mats. For example, in the case of transmitting the AV/C 
command from the radio terminal on the IEEE 802.11 
network to the 1394 node on the IEEE 1394 bus, the Source 
1394 node of the AV/C command transferred on the IEEE 
1394 bus is always the base station node 110, so that the 
Source node address information can be omitted from the 
information of the IEEE 1394 side in the correspondence 
table shown in FIG. 7. 

Second Embodiment 

By the scheme of the first embodiment, it becomes 
possible to extend the concept of the command/response of 
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12 
the AV/C protocol executed on the IEEE 1394 bus to the 
IEEE 802.11 network as well. However, the information on 
the IEEE 802.11 network side in the correspondence table of 
FIG. 7 that must be maintained by the base station node for 
this purpose can, be quite large depending on the System 
configuration. Also, in order to be able to identify the 1394 
node corresponding to the AV/C response perfectly, there 
may be cases where it is also necessary to maintain all the 
information (or nearly all the information) of the FCP frame. 
These facts imply not only the increase of the size of the 
correspondence table to be maintained at the base Station 
node but also the need to check all the information of every 
AV/C command at the base station node, so that they lead to 
the increase of the processing load on the base Station node. 
As a method effective in evading Such an increase of the 

memory capacity or the processing load when it is not 
permissible, it is possible to use a method in which the 
number of AV/C commands that can be transmitted from the 
base Station node is always limited to be just one. This is a 
method in which the group of AV/C commands transmitted 
from a plurality of 1394 nodes on the IEEE 1394 bus to the 
radio terminals on the IEEE 802.11 network are serialized at 
a time of transfer at the base Station node. As a result of Such 
a serialization of the AV/C commands, it becomes Sufficient 
for the base Station node to maintain only the transaction 
information on the IEEE 1394 bus side corresponding to the 
transmitted AV/C command, instead of maintaining the 
correspondence table as shown in FIG. 7. 

Here, as a concrete method for realizing Such a Serializa 
tion of the AV/C commands, there are various possible 
methods including a method of Serialization Such that only 
a single AV/C command is executed in the entire IEEE 
802.11 network, a method of serialization with respect to 
each radio terminal connected to the base Station node, a 
method of Serialization with respect to each constituent 
element of the radio terminal on the IEEE 802.11 network, 
and a method of serialization with respect to each 1394 node 
transmitting the AV/C command. The processing Sequence 
described below is directed to the case of using the method 
of Serialization Such that only a single AV/C command is 
executed in the entire IEEE 802.11 network, but the case of 
using the method of Serialization with respect to each radio 
terminal, the case of using the method of Serialization with 
respect to each constituent element, or the case of using the 
method of serialization with respect to each 1394 node can 
also be realized by the Similar processing. 

FIG. 8 shows an exemplary processing Sequence in the 
case of using the Serialization Such that only one AV/C 
command is executed in the entire IEEE 802.11 network. 

FIG. 8 shows an exemplary case in which two AV/C 
commands (#1 and #2) are sequentially transmitted from the 
1394 node 101, serialized at the base station node 110, and 
then sequentially transferred to the IEEE 802.11 network. In 
the following processing sequence, (1) to (9) constitute the 
processing procedure for the first transmitted AV/C com 
mand and (a) to () constitute the processing procedure for 
the second transmitted AV/C command. 

(1) The application is activated and the AV/C protocol is 
executed at the 1394 node 101. 

(2) The AV/C command #1 is generated and transmitted 
toward the Sub Unit X1 within the radio terminal 121 at the 
1394 node 101. 

(3) The FCP frame loaded with the AV/C command #1 is 
transferred from the 1394 node 101 to the base station node 
110. At this point, the transaction ID=a on the IEEE 1394 
bus 10, and the destination Subunit ID=X1 is described in 
the FCP frame. 
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(4) Upon receiving the AV/C command #1 successfully, 
the base Station node 110 returns a corresponding Ack 
message to the 1394 node 101. 

(5) At the base station node 110, it is ascertained that the 
destination radio terminal is the radio terminal 121, as the 
destination Subunit ID of the received AV/C command #1 
is X1, and the AV/C command #1 is transferred from the 
base station node 110 to the radio terminal 121. Here, the 
base station node 110 stores the value (N=1) of the node ID 
of the 1394 node and the value (=a) of the transaction ID 
corresponding to the transferred AV/C command #1. 

(6) The radio terminal 121 executes the processing cor 
responding to the received AV/C command #1. 

(7) The radio terminal 121 generates the AV/C response 
#1 for notifying the processing result of the executed AV/C 
command #1, and transfers it to the base station node 110 
after loading it in the FCP frame. 

(8) The base station node 110 transfers the received AV/C 
response #1 to the 1394 node 101 (N=1) that corresponds to 
the received AV/C response #1. At this point, the 
transaction ID has a value “a.” 

(9) Upon receiving the AV/C response #1 successfully, the 
1394 node 101 returns a corresponding Ack message to the 
base station node 110. 

(a) The 1394 node 101 continues to execute the AV/C 
protocol. 

(b) The next AV/C command #2 is generated and trans 
mitted toward the Sub Unit X2 within the radio terminal 121 
at the 1394 node 101. 

(c) The FCP frame loaded with the AV/C command #2 is 
transferred from the 1394 node 101 to the base station node 
110. At this point, the transaction ID=b on the IEEE 1394 
bus 10, and the destination Subunit ID=X2 is described in 
the FCP frame. 

(d) Upon receiving the AV/C command #2 successfully, 
the base Station node 110 returns a corresponding Ack 
message to the 1394 node 101. 

(e) At the base station node 110, it is ascertained that the 
destination radio terminal is the radio terminal 121, as the 
destination Subunit ID of the received AV/C command #2 
is X2. However, at this point, it is still in a State awaiting the 
AV/C response #1, so that the transfer of the AV/C command 
#2 is postponed until the AV/C response #1 is returned. 

(f) Upon receiving the AV/C response #1, the base station 
node 110 transfers the AV/C command #2 to the radio 
terminal 121. Here, the base station node 110 stores the 
value (N=1) of the node ID of the 1394 node and the value 
(=b) of the transaction ID corresponding to the transferred 
AV/C command #2. 

(g) The radio terminal 121 executes the processing cor 
responding to the received AV/C command #2. 

(h) The radio terminal 121 generates the AV/C response 
#2 for notifying the processing result of the executed AV/C 
command #2, and transfers it to the base station node 110 
after loading it in the FCP frame. 

(i) The base station node 110 transfers the received AV/C 
response #2 to the 1394 node 101 (N=1) that corresponds to 
the received AV/C response #2. At this point, the 
transaction ID has a value "b'. 

(j) Upon receiving the AV/C response #2 Successfully, the 
1394 node 101 returns a corresponding Ack message to the 
base station node 110. 

By carrying out the above processing, it becomes possible 
to reduce a table capacity required at the base Station node 
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14 
and an amount of processing to check AV/C commands at 
the base Station node, compared with the first embodiment. 
Also, by the above processing for Serializing AV/C 
commands, it becomes possible to identify a State of the 
radio terminal on the IEEE 802.11 network (the AV/C 
command corresponding to the processing currently 
executed by the radio terminal), So that it becomes possible 
to execute the AV/C protocol across the IEEE 1394 bus and 
the IEEE 802.11 network more smoothly. 
Now, in the case of transmitting the AV/C commands by 

Serializing them as described above, it is preferable to 
provide a handling in the case where the AV/C response 
corresponding to the transmitted AV/C command is not 
returned. For this handling, it is effective to use the com 
mand processing time (=100 mSec) that is specified in the 
AV/C protocol as described above. Namely, after transmit 
ting Some AV/C command, if the corresponding AV/C 
response is not returned after an elapse of 100 mSec, for 
example, the transmission of the next AV/C command may 
be permitted. 

FIG. 9 Shows an exemplary processing Sequence in this 
CSC. 

FIG. 9 also shows an exemplary case in which two AV/C 
commands are transmitted similarly as in the case of FIG.8. 
In the following processing sequence, (1) to (8) constitute 
the processing procedure for the first transmitted AV/C 
command and (a) to (1) constitute the processing procedure 
for the Second transmitted AV/C command. 

(1) The application is activated and the AV/C protocol is 
executed at the 1394 node 101. 

(2) The AV/C command #1 is generated and transmitted 
toward the Sub Unit X1 within the radio terminal 121 at the 
1394 node 101. 

(3) The FCP frame loaded with the AV/C command #1 is 
transferred from the 1394 node 101 to the base station node 
110. At this point, the transaction ID=a on the IEEE 1394 
bus 10, and the destination Subunit ID=X1 is described in 
the FCP frame. 

(4) Upon receiving the AV/C command #1 successfully, 
the base Station node 110 returns a corresponding Ack 
message to the 1394 node 101. 

(5) At the base station node 110, it is ascertained that the 
destination radio terminal is the radio terminal 121, as the 
destination Subunit ID of the received AV/C command #1 
is X1, and the AV/C command #1 is transferred from the 
base station node 110 to the radio terminal 121. Here, the 
base station node 110 stores the value (N=1) of the node ID 
of the 1394 node and the value (=a) of the transaction ID 
corresponding to the transferred AV/C command #1. 

(6) A timer is started at a timing of transmitting the AV/C 
command #1. 

(7) The radio terminal 121 executes the processing cor 
responding to the received AV/C command #1, but fails to 
return the corresponding AV/C response #1. 

(8) At a timing of the time out, the transmission process 
ing of the AV/C command #1 is finished. At this point, the 
fact that it is the time out may be notified to the correspond 
ing 1394 node 101 (N=1). 

(a) The 1394 node 101 continues to execute the AV/C 
protocol. 

(b) The next AV/C command #2 is generated and trans 
mitted toward the Sub Unit X2 within the radio terminal 121 
at the 1394 node 101. 

(c) The FCP frame loaded with the AV/C command #2 is 
transferred from the 1394 node 101 to the base station node 
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110. At this point, the transaction ID=b on the IEEE 1394 
bus 10, and the destination Subunit ID=X2 is described in 
the FCP frame. 

(d) Upon receiving the AV/C command #2 successfully, 
the base Station node 110 returns a corresponding Ack 
message to the 1394 node 101. 

(e) At the base station node 110, it is ascertained that the 
destination radio terminal is the radio terminal 121, as the 
destination Subunit ID of the received AV/C command #2 
is X2. However, at this point, it is still in a state in which the 
timer is set, so that the transfer of the AV/C command #2 is 
postponed until either the AV/C response #1 is returned or it 
becomes the time out. 

(f) When the transmission processing of the AV/C com 
mand #1 becomes the time out, the base station node 110 
carries out the postponed transfer of the AV/C command #2 
to the radio terminal 121. Here, the base station node 110 
stores the value (N=1) of the node ID of the 1394 node and 
the value (=b) of the transaction ID corresponding to the 
transferred AV/C command #2. 

(g) A timer is started at a timing of transmitting the AV/C 
command #2. 

(h) The radio terminal 121 executes the processing cor 
responding to the received AV/C command #2. 

(i) The radio terminal 121 generates the AV/C response #2 
for notifying the processing result of the executed AV/C 
command #2, and transfers it to the base station node 110 
after loading it in the FCP frame. 

(j) Upon receiving the AV/C response #2 from the radio 
terminal 121, the base station node 110 resets the timer. 

(k) The base station node 110 transfers the received AV/C 
response #2 to the 1394 node 101 (N=1) that corresponds to 
the received AV/C response #2. At this point, the 
transaction ID has a value "b'. 

(l) Upon receiving the AV/C response #2 successfully, the 
1394 node 101 returns a corresponding Ack message to the 
base station node 110. 

By using the processing for Serializing the AV/C com 
mands and the time out processing for the AV/C responses 
in combination at the base Station node as described above, 
it becomes possible to execute the AV/C protocol across the 
IEEE 1394 bus and the IEEE 802.11 network more realis 
tically. 

Note that the above example is directed to the case where 
the protocol executed between the IEEE 1394 bus and the 
IEEE 802.11 network is the AV/C protocol, but the serial 
ization processing of this embodiment is also applicable to 
the case of executing a protocol other than the AV/C 
protocol. 

Note also that there can be cases where the time required 
in executing the corresponding processing may differ 
depending on types of protocols, and in Such cases, it is 
preferable to adjust the time out Setting according to the 
types of protocols rather than using the Single fixed value 
such as 100 msec as described above. More specifically, in 
the case where the protocol executed on the IEEE 1394 bus 
uses the FCP frame, it is possible to adjust the time out 
setting according to the value of a “cts' field which is the 
protocol identifier of the FCP frame. In such a case, the base 
Station node should maintain a correspondence table for the 
protocol to be executed and the time out Setting. 

The functions required at the base Station node in the case 
of connecting the IEEE 1394 bus and the IEEE 802.11 
network by Such a method only include a function for Storing 
the transaction information on the IEEE 1394 bus side 
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corresponding to the transmitted AV/C command, and a 
timer function to be activated after transmitting the AV/C 
command, So that it is possible to Suppress the number of 
functions to be added to the base Station node. It is also 
possible to reduce the amount of processing to be carried out 
at a time of receiving the AV/C response compared with the 
first embodiment. 

Note that FIG. 8 and FIG. 9 are directed to the case of 
transmitting the AV/C command from the 1394 node 101 on 
the IEEE 1394 bus 10 to the radio terminal 121, but similarly 
as in the first embodiment, it is also possible to execute the 
AV/C protocol across the IEEE 1394 bus and the IEEE 
802.11 network in the case of transmitting the AV/C com 
mand in the opposite direction. It is obviously also possible 
to execute the AV/C protocol across the IEEE 1394 bus and 
the IEEE 802.11 network in both directions. 

Third Embodiment 

The first and second embodiments described above are 
directed to the case in which the AV/C response returned to 
the base Station node is limited to a response corresponding 
to the AV/C command that was transmitted immediately 
previously, but there are also cases in which the AV/C 
response is returned from a device to be controlled when 
Some Specific event occurs at the device to be controlled. AS 
an AV/C command that commands returning of the AV/C 
response according to Such a State change, a type of com 
mand called Notify command is specified in the AV/C 
protocol, for example. In this third embodiment, a handling 
of the AV/C response corresponding to this Notify command 
will be described as an example. 
AS mentioned above, the Notify command is a command 

by which the controlling device requests a notification of an 
occurrence of a Specific event to the device to be controlled. 
For example, a notification of an occurrence of insertion of 
a cassette tape into a cassette tape player is requested. In this 
case, the AV/C response as a processing result of the AV/C 
command will be returned when the Specified event occurs, 
So that whether the returned AV/C response is a response to 
the Notify command or a response to the ordinary AV/C 
command (Such as Control command or Status command) 
cannot be judged by using only the processing based on the 
time out Setting of 100 mSec or the processing for Serializing 
AV/C commands described above. 

In order to handle Such cases, it is possible to use a 
method for changing the processing according to the com 
mand type of the AV/C protocol (the “ctype” field in the FCP 
frame structure of FIG. 5). 

For example, at a time of transmitting the AV/C command 
from the base station node, if that AV/C command is the 
Notify command, the transaction on the IEEE 1394 bus side 
that corresponds to that Notify command will be identified 
by maintaining a correspondence table for a combination of 
(a part or a whole of) the FCP frame information and the 
destination MAC address in the base Station node, as in the 
processing of the first embodiment. If that AV/C command 
is the other command Such as Control command or Status 
command, the AV/C command will be transmitted by seri 
alizing AV/C commands (or the time out Setting may be 
made), as in the processing of the Second embodiment. 

Then, when the AV/C response is received, whether the 
received AV/C response corresponds to a command Stored in 
the correspondence table or not is checked first. If the 
received AV/C response corresponds to a command Stored in 
the correspondence table, a node on the IEEE 1394 bus to 
which that response should be returned is identified by 
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referring to the correspondence table (the processing in the 
first embodiment), and otherwise a node on the IEEE 1394 
bus to which that response should be returned is recognized 
as a node on the IEEE 1394 bus that corresponds to the AV/C 
command that was transmitted immediately previously (the 
processing in the Second embodiment). 

In this third embodiment, it is sufficient to store only the 
information regarding the Notify command in the correspon 
dence table maintained at the base Station node, So that the 
required table capacity can be reduced compared with the 
first embodiment. Also, the stored information is limited to 
the information regarding the Notify command and therefore 
the information on “ctype' can be eliminated from the 
information necessary in the correspondence table (of FIG. 
7), So that it is expected that the correspondence table can be 
made even Smaller. 

Here, events for which the above described Notify com 
mand transfer processing should be taken into account 
includes a bus reset of the IEEE 1394 bus. This is the case 
where the bus reset occurs on the IEEE 1394 bus while 
executing the AV/C protocol such that the value of the node 
ID of the 1394 node is changed. As a method for handling 
Such a case, it is possible to use a method which maintains 
the EUI64 (Extended Unique Identifier; 64 bits) address of 
the 1394 node that transmitted the AV/C command rather 
than its node ID, as the information on the IEEE 1394 bus 
Side in the correspondence table maintained at the base 
Station node. 

Using Such a method, it becomes possible to identify the 
1394 node that is the transfer target of the response even if 
the bus reset occurs on the 1394 bus after the AV/C com 
mand (Notify command, for example) is transmitted and 
before the corresponding response is returned. 

Note however that, in the case of identifying the 1394 
node by such an EUI64 address, there is a need for the base 
Station node to maintain the correspondence table of the 
node ID and the EUI64 address of each node and executes 
the processing to update this correspondence table whenever 
the bus reset occurs. Consequently, as the processing after 
the bus reset on the IEEE 1394 bus, there is a need to execute 
the processing for collecting information on the EUI64 
address of each 1394 node, apart from the ordinary auto 
matic configuration recognition processing (Such as Tree 
ID processing, Self ID processing, for example). 
By identifying the 1394 node on the IEEE 1394 bus side 

using the EUI64 address, it becomes possible to deal with 
the ordinary bus reset, and it also becomes possible to 
recognize the absence of the destination 1394 node on the 
IEEE 1394 bus accurately even when the 1394 node corre 
sponding to the AV/C response had left the IEEE 1394 bus 
before the AV/C response is returned, so that there is a merit 
in that the transfer of the unnecessary response to the IEEE 
1394 bus side can be eliminated. This method for using the 
EUI64 address of the 1394 node in identifying the 1394 node 
on the IEEE 1394 bus is applicable not only to this third 
embodiment but also to the first and second embodiments 
described above, or the fourth embodiment to be described 
below. 

Note that this third embodiment is directed to the case of 
transmitting the AV/C command from the 1394 node 101 on 
the IEEE 1394 bus 10 to the radio terminal 121, but similarly 
as in the first and Second embodiments, it is also applicable 
to the case of transmitting the AV/C command in the 
opposite direction. It is obviously also possible to execute 
the AV/C protocol across the IEEE 1394 bus and the IEEE 
802.11 network in both directions. 
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Fourth Embodiment 

This fourth embodiment is directed to a scheme for 
modifying the FCP frame in order to deal with the IEEE 
802.11 network. Here, in order to provide a function corre 
sponding to the Serialization processing at the base Station 
node described above, a field for attaching a sequence 
number indicating the order of transfer to the device to be 
controlled is added within the FCP frame. As a method for 
adding this field for attaching the Sequence number, it is 
possible to use a method doe adding a new field or a method 
for utilizing the existing field. 

In this fourth embodiment, a method for re-utilizing the 
“cts' field in the FCP frame as the sequence number field on 
the IEEE 802.11 network will be described as a method that 
modifies the FCP frame minimally, but it is also possible to 
use a method which allocates the Sequence number field at 
arbitrary location within the FCP frame. In this fourth 
embodiment, it is assumed that only the AV/C protocol is 
executed as the AV control protocol on the IEEE 802.11 
network, and the “cts' field is to be utilized as the Sequence 
number field. 

FIG. 10 shows a configuration of the FCP frame to be 
used on the IEEE 802.11 network in this fourth embodiment. 
Note that the AV/C command/response is transferred by 
using the FCP frame with the same format as shown in FIG. 
7 on the IEEE 1394 bus even in this fourth embodiment. 
As shown in FIG. 10, in this fourth embodiment, the “cts' 

field that is usually used for identifying the protocol is 
utilized as the sequence number field on the IEEE 802.11 
network. Then, using this Sequence number and the MAC 
address of the destination radio terminal of the AV/C 
command, it becomes possible to uniquely identify the AV/C 
command that is transferred to the radio terminal on the 
IEEE 802.11 network. Here, in order to identify the AV/C 
response even more accurately, it is also possible to use a 
combination of the Sequence number, the Subunit type, 
Subunit ID, and the MAC address of the destination radio 
terminal of the AV/C command. 

FIG. 11 shows an exemplary processing Sequence in the 
case of executing the AV/C protocol across the IEEE 1394 
bus and the IEEE 802.11 network using the identification 
Scheme of this fourth embodiment. 
The following example is directed to the case of using the 

sequence number, the Subunit ID and the MAC address as 
the command identifier on the IEEE 802.11 network, but it 
is also possible to use various other combinations. This 
processing Sequence proceeds as follows. 

(1) The application is activated and the AV/C protocol is 
executed at the 1394 node 101. 

(2) The AV/C command is generated and transmitted 
toward the Sub Unit X1 within the radio terminal 121 at the 
1394 node 101. 

(3) The FCP frame loaded with the AV/C command is 
transferred from the 1394 node 101 to the base station node 
110. At this point, the transaction ID=a on the IEEE 1394 
bus 10, and the destination Subunit ID=X1 is described in 
the FCP frame. 

(4) Upon receiving the AV/C command Successfully, the 
base Station node 110 returns a corresponding Ack message 
to the 1394 node 101. 

(5) At the base station node 110, it is ascertained that the 
destination radio terminal is the radio terminal 121, as the 
destination Subunit ID of the received AV/C command is 
X1. 

(6) The AV/C command is transferred from the base 
station node 110 to the radio terminal 121. At this point, the 
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destination radio terminal MAC address=X, the Subunit 
ID=X1, and the sequence number=1. 

(7) At the base station node 110, the fact that the identifier 
on the IEEE 802.11 network 20 corresponding to the trans 
mitted AV/C command is “Subunit ID=X1+Sequence 
Number=1+MAC address=X', and the fact that the identi 
fier on the IEEE 1394 bus 10 is “transaction ID=a+1394 
node address N=1 are Stored, and a correspondence table 
for them is created. 

(8) The radio terminal 121 executes the processing cor 
responding to the received AV/C command. 

(9) The radio terminal 121 generates the AV/C response 
for notifying the processing result of the executed AV/C 
command, and transfers it to the base station node 110 after 
loading it in the FCP frame. 

(10) The base station node 110 refers to the above 
described correspondence table, and ascertains that the 
received AV/C response corresponds to “transaction ID=a 
on the IEEE 1394 bus+1394 node address N=1 from a 
combination of the values of the Sequence number and the 
Subunit ID in the FCP frame carrying the received AV/C 
response and the MAC address of the Source radio terminal. 

(11) The base station node 110 transfers the received 
AV/Cresponse to the 1394 node 101 (N=1). At this point, the 
transaction ID has a value “a”. 

(12) Upon receiving the AV/C response Successfully, the 
1394 node 101 returns a corresponding Ack message to the 
base station node 110. 

The above processing Sequence uses a Scheme for attach 
ing the Sequence number with respect to each destination 
Sub Unit to which the AV/C command is to be transmitted, 
but besides that it is also possible to use a scheme for 
attaching the Sequence number corresponding to all the 
AV/C commands transmitted from the base Station node, a 
Scheme for attaching the Sequence number for each Source 
1394 node of the AV/C command, a scheme for attaching the 
Sequence number for each constituent element, or a Scheme 
for attaching the Sequence number for each destination radio 
terminal of the AV/C command. By using this method for 
attaching the Sequence number to the FCP frame, it becomes 
possible to reduce the required table capacity to be main 
tained at the base Station node, and it also becomes possible 
to reduce the table referring processing to be executed by the 
base Station node at a time of receiving the AV/C response. 

Note that this fourth embodiment is directed to the case of 
transmitting the AV/C command from the 1394 node 101 on 
the IEEE 1394 bus 10 to the radio terminal 121, but similarly 
as in the first to third embodiments, it is also applicable to 
the case of transmitting the AV/C command in the opposite 
direction. It is obviously also possible to execute the AV/C 
protocol across the IEEE 1394 bus and the IEEE 802.11 
network in both directions. 

Base Station Node Configuration 
FIG. 12 shows an exemplary internal configuration of the 

base station node to be used in the first to fourth embodi 
ments described above. 

In the exemplary configuration of FIG. 12, the base 
station node Suitable for the first and fourth embodiments 
has an IEEE 802.11 interface processing unit 1101, a packet 
conversion processing unit 1102, an IEEE 1394 interface 
processing unit 1103, a protocol processing unit 1104, and a 
transaction correspondence table 1105. In addition, the base 
station node Suitable for the second and third embodiments 
also has a timer 1106. 
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Note that the base station node also obviously includes 

other functions for providing the normal base Station node 
functions, but FIG. 12 only shows functions related to the 
features of the present invention. 
The IEEE 802.11 interface processing unit 1101 is a unit 

for executing an interface processing with respect to the 
IEEE 802.11 network. 
The packet conversion processing unit 1102 is a unit for 

executing a packet conversion processing between the IEEE 
802.11 network and the IEEE 1394 bus. 

The IEEE 1394 interface processing unit 1103 is a unit for 
executing an interface processing with respect to the IEEE 
1394 bus. 

The Protocol processing unit 1104 is a unit for executing 
a protocol processing in order to extend upper layer proto 
cols executed on the IEEE 1394 bus and execute them on the 
IEEE 802.11 network. 

Note that the constituent element notification function for 
notifying at least a part of constituent elements in a node 
existing on one network as constituent elements of the own 
node to a node on another network is provided in this 
protocol processing unit 1104. 

In addition, a node processing determining function for 
determining the processing procedure according to the 
packet type in the third embodiment (which determines to 
execute the processing of the first embodiment if the AV/C 
command is the Notify command or the processing of the 
Second embodiment otherwise, for example) is also pro 
vided in this protocol processing unit 1104. 

Also, in the second and third embodiments, buffers (not 
shown) provided in the packet conversion processing unit 
1102 will be used for the Serialization processing. 
The transaction correspondence table 1105 is a table for 

Storing correspondences between the transaction informa 
tion on the IEEE 1394 bus and the transaction information 
on the IEEE 802.11 network. 

Note that the information to be maintained in the trans 
action correspondence table 1105 is as described above in 
each embodiment. 

The timer 1106 is provided in order to execute the time 
out processing as described in the Second and third embodi 
ments. Also, as mentioned above, there are cases where the 
timer 1106 is to be set for each protocol type separately. 
By connecting the IEEE 1394 bus and the IEEE 802.11 

network using the base Station node in Such a configuration, 
a protocol in which the processing is based on a combination 
of command and response Such as the AV/C protocol 
executed on the IEEE 1394 bus can be executed across the 
IEEE 1394 bus and the IEEE 802.11 network. 

AS described, according to the present invention, it 
becomes possible to realize the interworking of a network in 
which data transfer is based on a combination of request and 
response and a network in which data transfer is not based 
on a combination of request and response. 

According to the present invention, it is possible to use a 
combination of the MAC address on the IEEE 802.11 
network and the destination Subunit ID of the AV/C com 
mand as a transaction identifier on the IEEE 802.11 network 
corresponding to the transaction on the IEEE 1394 bus, for 
example. More generally, it is possible to use a correspon 
dence among a message destination constituent element ID, 
a message destination terminal ID, and a message ID. More 
Specifically, the correspondence table can Store the corre 
spondence in terms of a first transaction ID on the first 
network of the message and a Second transaction ID on the 
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Second network of the message given by a combination of a 
destination terminal ID and a destination constituent element 
ID on the Second network of the message. 

Also, according to the present invention, the AV/C com 
mand transfer processing can be serialized at the connection 
function (base station node) between the IEEE 1394 bus and 
the IEEE 802.11 network Such that a plurality of AV/C 
commands will not be transferred simultaneously on the 
IEEE 802.11 network, so that it is possible to conceal the 
transaction information on the IEEE 1394 bus. 

Also, according to the present invention, the two types of 
processings described above can be used Selectively accord 
ing to the packet types. 

According to the present invention, various information 
transferred on the IEEE 1394 bus can be transmitted to a 
terminal connected using a radio interface, So that it 
becomes possible to carry out data communications as if the 
connection to the IEEE 1394 bus is made by using the radio 
interface, for example. Also, it becomes possible to transmit 
various commands provided in the AV/C protocol properly, 
and it becomes possible to execute the AV/C protocol 
continually even when a State change Such as a bus reset 
occurs on the IEEE 1394 bus side. 

Note that the first to fourth embodiments described above 
can be realized in various combinations. For example, in the 
case of executing the AV/C protocol across the IEEE 1394 
bus and the IEEE 802.11 network in both directions, the 
Schemes of different embodiments may be used at a portion 
corresponding to the first direction for transmitting the AV/C 
command from the 1394 node on the IEEE 1394 bus to the 
radio terminal and a portion corresponding to the Second 
direction for transmitting the AV/C command from the radio 
terminal to the 1394 node on the IEEE 1394 bus. As an 
example, it is possible to use the Scheme of the third 
embodiment at a portion corresponding to the first direction 
and the Scheme of the Second embodiment at a portion 
corresponding to the Second direction. Any other combina 
tions are equally possible. 

Also, the first to fourth embodiments are described above 
for a home network in which the IEEE 1394 bus provided in 
a home is connected with a radio terminal using a radio 
interface through the communication node of the present 
invention, but the present invention is applicable not only to 
the home network but also to LAN provided in the office or 
the other environment as well. 

It is to be noted that the present invention is also equally 
applicable to the networks other than the IEEE 1394 bus and 
the IEEE 802.11 network, and the protocol other than the 
AV/C protocol. For example, USB can be used instead of the 
IEEE 1394 bus, any of Ethernet, HiperLAN, FDDI, and 
Bluetooth can be used instead of the IEEE 802.11 network, 
and SDP (Service Discovery Protocol) on the Bluetooth can 
be used instead of the AV/C protocol. 

It is also to be noted that the above described embodi 
ments according to the present invention may be conve 
niently implemented using a conventional general purpose 
digital computer programmed according to the teachings of 
the present specification, as will be apparent to those skilled 
in the computer art. Appropriate Software coding can readily 
be prepared by Skilled programmerS based on the teachings 
of the present disclosure, as will be apparent to those skilled 
in the Software art. 

In particular, the base Station node of each of the above 
described embodiments can be conveniently implemented in 
a form of a Software package. 
Such a Software package can be a computer program 

product which employs a Storage medium including Stored 
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computer code which is used to program a computer to 
perform the disclosed function and process of the present 
invention. The Storage medium may include, but is not 
limited to, any type of conventional floppy disks, optical 
disks, CD-ROMs, magneto-optical disks, ROMs, RAMs, 
EPROMs, EEPROMs, magnetic or optical cards, or any 
other Suitable media for Storing electronic instructions. 

It is also to be noted that, besides those already mentioned 
above, many modifications and variations of the above 
embodiments may be made without departing from the 
novel and advantageous features of the present invention. 
Accordingly, all Such modifications and variations are 
intended to be included within the Scope of the appended 
claims. 
What is claimed is: 
1. A communication node, comprising: 
a first network interface for a first network in which data 

transfer is based on a combination of request and 
response, 

a Second network interface for a Second network in which 
data transfer is not based on a combination of request 
and response; 

a packet conversion processing unit configured to apply a 
packet conversion processing to a first packet received 
by the first interface and obtain a Second packet cor 
responding to the Second network at a time of executing 
an application acroSS the first network and the Second 
network, 

a packet information memory unit configured to Store an 
information on each Second packet transmitted from the 
communication node, and 

a packet transmission control unit configured to serialize 
transmission of a plurality of Second packets to the 
Second network by referring to the packet information 
memory unit Such that after one Second packet is 
transmitted to the Second network, a next Second packet 
is not transmitted to the Second network until a 
response packet corresponding to Said one Second 
packet is received from the Second network. 

2. The communication node of claim 1, further compris 
ing: 

a constituent element notification unit configured to notify 
at least a part of constituent elements of each node 
existing on one of the first and Second networks as 
constituent elements of the communication node to 
another one of the first and Second networkS. 

3. The communication node of claim 1, wherein the 
packet transmission control unit Serializes the plurality of 
Second packets with respect to the Second network as a 
whole, each node on the Second network, each constituent 
element on the Second network, or each node on the first 
network. 

4. The communication node of claim 1, wherein the 
packet transmission control unit deletes the information on 
Said one Second packet Stored in the packet information 
memory unit upon receiving the response packet corre 
sponding to Said one Second packet, and transmits the next 
Second packet when the information on Said one Second 
packet is absent in the packet information memory unit. 

5. The communication node of claim 1, further compris 
ing: 

a time out processing unit configured to be activated at a 
time of transmitting each Second packet, and deleting 
the information on each Second packet Stored in the 
packet information memory unit after a prescribed 
period of time elapsed. 
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6. The communication node of claim 5, wherein the 
prescribed period of time is Set according to a type of the 
application executed across the first and Second networks. 

7. The communication node of claim 1, wherein the 
communication node executes both a first processing for 
transferring packets received from the first network to the 
Second network and a Second processing for transferring 
packets received from the Second network to the first net 
work. 

8. The communication node of claim 7, wherein the 
communication node executes the first processing and the 
Second processing by mutually different processing 
Schemes. 

9. The communication node of claim 1, wherein the first 
network is an IEEE 1394 bus. 

10. The communication node of claim 1, wherein the 
Second network is an IEEE 802.11 network. 

11. The communication node of claim 1, wherein the first 
packet and the Second packet are packets for transferring an 
AV/C command of an AV/C protocol, and the response 
packet is a packet for transferring an AV/C response of the 
AV/C protocol. 

12. A communication node, comprising: 
a first network interface for a first network in which data 

transfer is based on a combination of request and 
response, 

a Second network interface for a Second network in which 
data transfer is not based on a combination of request 
and response; 

a packet conversion processing unit configured to apply a 
packet conversion processing to a first packet received 
by the first interface and obtain a Second packet cor 
responding to the Second network at a time of executing 
an application acroSS the first network and the Second 
network; 

a packet correspondence memory unit configured to Store 
a correspondence between the first packet and the 
Second packet, 

a destination node identification unit configured to iden 
tify a destination node on the first network to which a 
response packet is to be transferred, by referring to the 
packet correspondence memory unit using an informa 
tion of the response packet at a time of receiving the 
response packet corresponding to the Second packet by 
the Second interface; 

a packet information memory unit configured to Store an 
information on each Second packet transmitted from the 
communication node, 

a packet transmission control unit configured to Serialize 
transmission of a plurality of Second packets to the 
Second network by referring to the packet information 
memory unit Such that after one Second packet is 
transmitted to the Second network, a next Second packet 
is not transmitted to the Second network until a 
response packet corresponding to Said one Second 
packet is received from the Second network; and 

a node processing determining unit configured to deter 
mine a processing to be executed by the communica 
tion node as either a first processing using a combina 
tion of the packet correspondence memory unit and the 
destination node identification unit or a Second pro 
cessing using a combination of the packet information 
memory unit and the packet transmission control unit, 
according to a type of the first packet. 
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13. The communication node of claim 12, further com 

prising: 
a constituent element notification unit configured to notify 

at least a part of constituent elements of each node 
existing on one of the first and Second networks as 
constituent elements of the communication node to 
another one of the first and Second networkS. 

14. The communication node of claim 12, wherein the 
packet transmission control unit deletes the information on 
Said one Second packet Stored in the packet information 
memory unit upon receiving the response packet corre 
sponding to Said one Second packet, and transmits the next 
Second packet when the information on Said one Second 
packet is absent in the packet information memory unit. 

15. The communication node of claim 12, further com 
prising: 

a time out processing unit configured to be activated at a 
time of transmitting each Second packet, and deleting 
the information on each Second packet Stored in the 
packet information memory unit after a prescribed 
period of time elapsed. 

16. The communication node of claim 15, wherein the 
prescribed period of time is Set according to a type of the 
application executed across the first and Second networkS. 

17. The communication node of claim 12, wherein the 
communication node executes both a first processing for 
transferring packets received from the first network to the 
Second network and a Second processing for transferring 
packets received from the Second network to the first net 
work. 

18. The communication node of claim 17, wherein the 
communication node executes the first processing and the 
Second processing by mutually different processing 
Schemes. 

19. The communication node of claim 12, wherein the 
first network is an IEEE 1394 bus. 

20. The communication node of claim 12, wherein the 
Second network is an IEEE 802.11 network. 

21. The communication node of claim 12, wherein the 
first packet and the Second packet are packets for transfer 
ring an AV/C command of an AV/C protocol, and the 
response packet is a packet for transferring an AV/C 
response of the AV/C protocol. 

22. A computer usable medium having computer readable 
program codes embodied therein for causing a computer to 
function as a communication node having a first network 
interface for a first network in which data transfer is based 
on a combination of request and response and a Second 
network interface for a Second network in which data 
transfer is not based on a combination of request and 
response, the computer readable program codes include: 

a first computer readable program code for causing Said 
computer to apply a packet conversion processing to a 
first packet received by the first interface and obtain a 
Second packet corresponding to the Second network at 
a time of executing an application across the first 
network and the Second network; 

a Second computer readable program code for causing 
Said computer to Store an information on each Second 
packet transmitted from the communication node in a 
packet information memory; and 

a third computer readable program code for causing Said 
computer to Serialize transmission of a plurality of 
Second packets to the Second network by referring to 
the packet information memory Such that after one 
Second packet is transmitted to the Second network, a 



US 6,728,244 B1 
25 

next Second packet is not transmitted to the Second 
network until a response packet corresponding to Said 
one Second packet is received from the Second network. 

23. A computer usable medium having computer readable 
program codes embodied therein for causing a computer to 
function as a communication node having a first network 
interface for a first network in which data transfer is based 
on a combination of request and response and a Second 
network interface for a Second network in which data 
transfer is not based on a combination of request and 
response, the computer readable program codes include: 

a first computer readable program code for causing Said 
computer to apply a packet conversion processing to a 
first packet received by the first interface and obtain a 
Second packet corresponding to the Second network at 
a time of executing an application across the first 
network and the Second network; 

a Second computer readable program code for causing 
Said computer to Store a correspondence between the 
first packet and the Second packet in a packet corre 
spondence memory; 

a third computer readable program code for causing Said 
computer to identify a destination node on the first 
network to which a response packet is to be transferred, 
by referring to the Second computer readable program 
code using an information of the response packet at a 
time of receiving the response packet corresponding to 
the Second packet by the Second interface; 

a fourth computer readable program code for causing Said 
computer to Store an information on each Second packet 
transmitted from the communication node in a packet 
information memory; 

a fifth computer readable program code for causing Said 
computer to Serialize transmission of a plurality of 
Second packets to the Second network by referring to 
the fourth computer readable program code Such that 
after one Second packet is transmitted to the Second 
network, a next Second packet is not transmitted to the 
Second network until a response packet corresponding 
to Said one Second packet is received from the Second 
network, and 

a sixth computer readable program code for causing Said 
computer to determine a processing to be executed by 
the communication node as either a first processing 
using a combination of the packet correspondence 
memory and the third computer readable program code 
or a Second processing using a combination of the 
packet information memory and the fifth computer 
readable program code, according to a type of the first 
packet. 

24. A method for controlling a communication node 
having a first network interface for a first network in which 
data transfer is based on a combination of request and 
response and a Second network interface for a Second 
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network in which data transfer is not based on a combination 
of request and response, the method comprising: 

applying a packet conversion processing to a first packet 
received by the first interface and obtaining a Second 
packet corresponding to the Second network at a time of 
executing an application across the first network and 
the Second network; 

Storing an information on each Second packet transmitted 
from the communication node in a packet information 
memory; and 

Serializing transmission of a plurality of Second packets to 
the Second network by referring to the packet informa 
tion memory Such that after one Second packet is 
transmitted to the Second network, a next Second packet 
is not transmitted to the Second network until a 
response packet corresponding to Said one Second 
packet is received from the Second network. 

25. A method for controlling a communication node 
having a first network interface for a first network in which 
data transfer is based on a combination of request and 
response and a Second network interface for a Second 
network in which data transfer is not based on a combination 
of request and response, the method comprising: 

applying a packet conversion processing to a first packet 
received by the first interface and obtaining a Second 
packet corresponding to the Second network at a time of 
executing an application across the first network and 
the Second network; 

Storing a correspondence between the first packet and the 
Second packet in a packet correspondence memory; 

identifying a destination node on the first network to 
which a response packet is to be transferred, by refer 
ring to the packet correspondence memory using an 
information of the response packet at a time of receiv 
ing the response packet corresponding to the Second 
packet by the Second interface; 

Storing an information on each Second packet transmitted 
from the communication node in a packet information 
memory; 

Serializing transmission of a plurality of Second packets to 
the Second network by referring to the packet informa 
tion memory Such that after one Second packet is 
transmitted to the Second network, a next Second packet 
is not transmitted to the Second network until a 
response packet corresponding to Said one Second 
packet is received from the Second network; and 

determining a processing to be executed by the commu 
nication node as either a first processing using a com 
bination of the packet correspondence memory and the 
identifying Step or a Second processing using a com 
bination of the packet information memory and the 
Serializing Step, according to a type of the first packet. 
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